There is a proposal for a fast-tracked approach to the African Community (EAC) monetary union. This paper uses cointegration techniques to determine whether the member countries would form a successful monetary union based on the long-run behavior of nominal and real exchange rates, the monetary base and real gdp. The four variables are each analyzed for co-movements among the five countries. The empirical results indicate only partial convergence for the variables considered, suggesting there could be substantial costs for the member countries from a fast-tracked process. This implies the EAC countries need significant adjustments to align their monetary policies and to allow a period of monetary policy coordination to foster convergence that will improve the chances of a sustainable currency union. th ordinary summit directed that the preparation for the establishment of a monetary union be moved into high gear upon the coming into operation of the common market. Macroeconomic convergence of member countries is crucial to the sustainability of a monetary union over the long term. Monetary policy convergence, exhibited mainly in similarity of inflation and interest rates among other indicators, is necessary to ensure a single monetary policy is optimal policy for all the union members. In an influential study Rose (2000) followed by others (a good summary is provided by Rose and Stanley, 2005), estimated that currency union enhances trade among member countries by two to three times. This boosts similarity of the demand patterns and price co-movements. Countries then could become more similar in a currency union than before currency union. If suitability for membership in a monetary union is endogenous, this suggests it may not be crucial for members to meet optimum currency area criteria before currency union. However recent assessment of the EMU experience (see Chintrakarn, 2008; Frankel, 2008) show a much smaller trade impact of the Euro of only about 15%. The endogeneity effect may even be smaller for African monetary unions. Carmignani (2009) and Tapsoba (2009) study the endogeneity effect of trade in African monetary unions and find that currency union increases synchronicity of business cycles but the effect is very small. While trade effects and endogeneity cannot be discounted, these subsequent results cautions against excessive optimism on the magnitude of the effects from an EAC monetary union. First, the trade effect benefits seem to be slow to achieve (about 15% from EMU nearly ten years later). Secondly, the EAC countries are starting from relatively low intra-EAC trade levels. Given the high dependency on primary product exports, the scope for increased trade is unlikely to be as great as more developed countries. (Note 4) Therefore this makes convergence before monetary union critical for the EAC to minimize any adverse effects from a loss of monetary policy for member countries. No specific enforceable convergence targets have been laid down for eligibility in the proposed EAMU. It is however anticipated that the set of convergence criteria (exchange rates, inflation rates, long-term interest rates, and deficits) that formed the basis of eligibility in the European Monetary Union (EMU) would play a role in some form. With the signing of the CMP the focus is now shifting to the monetary union stage. (Note 5) A crucial question that needs to be answered at the start of this phase is to what degree the EAC countries' monetary policies and business cycles have converged. No studies have rigorously examined the current state of monetary policy convergence for the EAC. This paper attempts to fill this gap. Our contribution is to provide empirical evidence on the state of convergence for the five EAC member countries with respect to nominal and real exchange rates, the monetary base and real gdp. This paper thus provides convergence evidence from a range of both nominal and real variables. To achieve this, we apply
Introduction
With the signing of an agreement for the establishment of the "Permanent Tripartite Commission for East African Co-operation" in 1993, the East African Community (EAC) has advanced its integration agenda rapidly. th extra-ordinary meeting of the Summit of the EAC Heads of State decided that East Africa should move expeditiously towards establishing a monetary union by 2012, while the 11 th ordinary summit directed that the preparation for the establishment of a monetary union be moved into high gear upon the coming into operation of the common market. Macroeconomic convergence of member countries is crucial to the sustainability of a monetary union over the long term. Monetary policy convergence, exhibited mainly in similarity of inflation and interest rates among other indicators, is necessary to ensure a single monetary policy is optimal policy for all the union members. In an influential study Rose (2000) followed by others (a good summary is provided by Rose and Stanley, 2005) , estimated that currency union enhances trade among member countries by two to three times. This boosts similarity of the demand patterns and price co-movements. Countries then could become more similar in a currency union than before currency union. If suitability for membership in a monetary union is endogenous, this suggests it may not be crucial for members to meet optimum currency area criteria before currency union. However recent assessment of the EMU experience (see Chintrakarn, 2008; Frankel, 2008) show a much smaller trade impact of the Euro of only about 15%. The endogeneity effect may even be smaller for African monetary unions. Carmignani (2009) and Tapsoba (2009) study the endogeneity effect of trade in African monetary unions and find that currency union increases synchronicity of business cycles but the effect is very small. While trade effects and endogeneity cannot be discounted, these subsequent results cautions against excessive optimism on the magnitude of the effects from an EAC monetary union. First, the trade effect benefits seem to be slow to achieve (about 15% from EMU nearly ten years later). Secondly, the EAC countries are starting from relatively low intra-EAC trade levels. Given the high dependency on primary product exports, the scope for increased trade is unlikely to be as great as more developed countries. (Note 4) Therefore this makes convergence before monetary union critical for the EAC to minimize any adverse effects from a loss of monetary policy for member countries. No specific enforceable convergence targets have been laid down for eligibility in the proposed EAMU. It is however anticipated that the set of convergence criteria (exchange rates, inflation rates, long-term interest rates, and deficits) that formed the basis of eligibility in the European Monetary Union (EMU) would play a role in some form. With the signing of the CMP the focus is now shifting to the monetary union stage. (Note 5) A crucial question that needs to be answered at the start of this phase is to what degree the EAC countries' monetary policies and business cycles have converged. No studies have rigorously examined the current state of monetary policy convergence for the EAC. This paper attempts to fill this gap. Our contribution is to provide empirical evidence on the state of convergence for the five EAC member countries with respect to nominal and real exchange rates, the monetary base and real gdp. This paper thus provides convergence evidence from a range of both nominal and real variables. To achieve this, we apply multivariate cointegration. The monetary base is included as an indicator of monetary policy convergence in absence of consistent long term interest rate data. The monetary aggregate is preferred over other broader aggregates because it is less diluted by intervention by other agents in the financial system, and better able to capture the central bank's policy stance. Indicators of fiscal convergence, such as the debt ratios, are important factors not considered in this paper due to lack of consistent data. Empirical evidence on the state of convergence will help policy-makers in setting realistic convergence targets and a frame-work to monetary union. Knowledge of the current state of convergence becomes even more crucial given the very short time left for monetary policy coordination if the target union date is to be achieved. Multivariate cointegration analysis has been applied by a number of authors to test convergence especially for the European Monetary Union (EMU) and accession countries. Haug et al. (2000) uses cointegration techniques (on data that spans the period 1979 to 95), to analyze which of the European Union (EU) countries would form a successful monetary union based on the nominal convergence criteria laid down in the Maastricht treaty. Their results indicated that not all the 12 original countries could all form a successful EMU over time unless countries made significant adjustment. Brada and Kutan (2002) compare the convergence of monetary policy of the Balkan and Mediterranean candidates for EU membership with those of Germany as a proxy for the European Central Bank (ECB). They interpret cointegration of base money with those of Germany as implying an ability of the country to follow policy leadership of the ECB. They found that among the Balkan transition economies and in Turkey, the ability to follow the policies of the Bundesbank was weak or nonexistent for some countries. Some authors have examined monetary policy convergence by testing the uncovered interest parity (UIP). The premise is that the difference between domestic and foreign interest rates should correspond to the expected exchange rate change plus a risk premium. When reaching monetary integration this risk premium should disappear. Kasman et al. (2008) test this type of convergence between EU (using Germany as reference country), the new Central and Eastern member countries, and several candidate countries. The results suggest UIP holds for Estonia, Croatia and Turkey. A limited number of studies assess the feasibility of the proposed EAC monetary union. Buigut and Valev (2005) use a VAR to assess the symmetry of structural shocks. The results suggest the demand and supply shocks are generally asymmetric. However the speed and magnitude of adjustment seem similar across the member countries. Buigut (2006) uses a cluster analysis to assign countries in the East and Southern Africa (ESA) region into the most suitable monetary union based on a set of real and nominal convergence criteria. The conclusion of this analysis is that the ESA is not converged enough for an ESA-wide monetary union. However the EAC shows up as a relatively converged subgroup within the ESA.
Methodology

Data
This article analyzes several criteria (viz nominal exchange rates, real exchange rates, and inflation rates, monetary base and real output) for convergence among the EAC countries. A multivariate cointegration frame-work (Johansen, 1994; Johansen, 1995) is used to test the existence of long-run relationships that tie together variables in each criterion across the EAC countries. Because convergence implies co-movements of specific variables over time, the cointegration approach is well-suited to assess the feasibility of the proposed EAC monetary union. Quarterly data from the International Financial Statistics ( eP P , where e is the nominal exchange rate (national currency per US dollar), * P is the US CPI, and P is the national CPI. The period covered is 1997Q3-2008Q4. The monetary base is the narrowest form of money and better able to capture the central bank's policy than broader money aggregates (Brada et al., 2005) . This variable is used in the absence of interest rates. The monetary base data covers the period 2001Q1 -2009Q1 (line 14 of the IFS CD). (Note 6) For the real gdp quarterly data is not available and annual data covering the period 1981 to 2005 is used. The real gdp is obtained from nominal gdp deflated by the consumer price index. We do not study the fiscal deficits and interest rates because of data availability problems.
Cointegration models.
If X is an n dimensional column vector of I(1) variables a VAR(p) model can be reformulated into vector error correction model (VECM) of the form; (Haug, et al. 2000) . Given
, the relation between  and the deterministic term,
, is crucial for the properties of t X process. Five submodels are commonly derived (see Johansen 1994; Haug et al., 2000; Koukouritakis and Michelis, 2008 ) from this interaction. We consider the five submodels following the ordering in Haug et al. (2000) and Koukouritakis and Michelis (2008) ˆ are the estimated values of the eigenvalues (characteristic roots) obtained from the  matrix, and T is the number of usable observations. In interpreting the results we claim, (as in Hafer and Kutan, 1994; Haug et al., 2000) , complete convergence of monetary policy among the set of n countries if we find 1 n  cointegrating vectors and therefore a single shared common trend. If 0
( 1) r n    then we claim only partial convergence, or partial interdependence among the policies. In this case, maintaining a monetary union would be difficult since policy measures have not converged to one common long run path.
Results.
Before carrying out any cointegration tests, we test each time series variable for unit root using the Augmented Dickey-Fuller (ADF) test. The results are presented in Table 1 . As can be seen from column two, the test fails to reject unit root, in levels, for the nominal exchange rate for only three (Kenya, Rwandan, and Tanzania) of the five countries. We also test for a second unit root using the first difference. This hypothesis was rejected in all cases (column three). The conclusion is that the nominal exchange rate is I(1) for three countries (Kenya, Rwandan, and Tanzania), but this variable is I(0) for Burundi and Uganda. Therefore only the three countries are included in the cointegration analysis for this variable. The ADF results suggest the real exchange rate is I(1) for all the five countries, thus we use the full set of five countries when analyzing cointegration of this variable. The inflation rate is I(0) for all the five countries. Cointegration analysis is not carried out for this variable. Instead the CPI is used to generate the real exchange rate and real gdp as discussed in Section 2.1. The monetary base is I(1) for four countries (data is not available for Rwanda) and are included in the cointegration tests. The results suggest real gdp is I(1) for all the five countries, and we use the full set of five countries when analyzing cointegration of this variable.
Next is to carry out the cointegration analysis. A separate VECM is set up for each variable. To select the appropriate lag length, the Akaike Information Criterion (AIC) and the Hannan-Quinn Information Criterion (HQIC) are used. For each VECM, the five submodels (model 0, 1*, 1, 2*, and 2) described in Section 2.2 are considered. However in an attempt to identify which of the submodels is most appropriate to use, the five submodels are tested against each other using likelihood ratio (LR) tests. For the nominal exchange rate, the best model seems to be the model 1. For the real exchange rate the better model seems to be model 2, model 2* for the monetary base, and model 1 for the real gdp. The results of cointegration tests for nominal exchange rate, real exchange rate, and monetary base variables based on the  trace and  max statistics for the submodels identified by LR are provided in Tables 2, 3 , and 4 respectively. Further we show the results for all the five submodels in Tables 5, 6 and 7 for these variables. Table 8 provides the cointegration results for the real gdp from the five submodels. Consider Table 2 which presents the results for model 1 for the nominal exchange rate variable. Both the  trace and  max test statistics suggests one cointegrating equation for this variable at the 5% significance level. The results for the real exchange rate (Table 3) based on model 2 also suggest one cointegrating equation at the 5% significance level. For the monetary base two cointegrating equations are identified at the 5% level based on model 2*. Next we turn to the results for all five submodels shown in Tables 5, 6 and 7. For brevity only the number of cointegrating equations suggested by the  trace and  max test statistics are shown for each submodel at the 1% and 5% significance levels. Take the nominal exchange rate variable results provided in Table 5 for example. Both the  trace and  max suggest one cointegrating equation at the 5% level for model 0, 1*, and 1. The results in Table 5 indicate the highest number of cointegrating equations obtained is one for any submodel. Since only three countries are included in the analysis ( 3 n  ) convergence would be complete if there were two cointegrating equations such that there is only one common trend shared by all the three countries. Because there is at most only one cointegrating equation identified, there are at least two shared stochastic trends. Hence we can only claim partial convergence of the nominal exchange rate. Next consider the real exchange rate. Five countries are included in the analysis. The highest number of cointegrating equations obtained is two (Table 6) at the 5% significance level, suggesting at least three shared stochastic trends. The real exchange rate has not followed one common trend for the EAC countries. So again we can only claim partial convergence with respect to this variable. For the third variable, the monetary base, four countries are included and the number of cointegrating equations identified (Table 7) at the 5% level is at most two. This suggests at least two shared stochastic trends. This implies as of now there are at least two independent monetary policy trends followed by these countries. For the real gdp, five countries are included in the analysis. The highest number of cointegrating equations obtained is three (Table 8) at the 5% significance level, suggesting at least two shared stochastic trends. For all the four variables analyzed (nominal exchange rate, real exchange rate, monetary base, and real gdp), the empirical results from all the five submodels considered suggest only partial convergence of policies of the EAC. These results imply there are some EAC countries that follow policies that are independent of the policies that are followed by other EAC countries. From a policy perspective the lack of complete long-run equilibrium suggests the EAC countries will need to make significant adjustments to align their policies for the currency union to be viable. A direct implication of these results is that the EAC countries need a period of monetary policy coordination prior to monetary union. The results puts into serious question the suggested date of 2012 as it is unlikely to provide adequate time for effective policy coordination for member countries. A clearly defined convergence period, with clear targets to be achieved by all member states would need to be a part of any negotiated framework to monetary union. The EAC currently does not have an autonomous supranational monetary institution that can be tasked with the implementation of the coordination phase. Therefore there is need for the creation of such an institution (call it an East African Monetary Institute -EAMI) would be necessary at the start of this phase. The EAMI's task would be to encourage cooperation between the national central banks of the member states of the EAC and oversee the convergence process. Such an institution could be the precursor to the East African Central Bank. The EMU experience suggests that the integrity of fiscal policy is also crucial to the overall long term success of monetary union. Several member countries have failed to live up to the agreed upon fiscal policy restrictions. As Kočenda et al. (2008) notes, monetary unions do not necessarily encourage fiscal convergence for its members. This failure could undermine the credibility of macroeconomic polices in Europe. Neck and Holzmann (2006) have suggested that the detrimental effects of high and increasing public debt threaten the stability of EMU. Hence this experience suggests the EAC would need, in addition to monetary coordination, a fiscal coordination program prior to monetary union and the ability to enforce these restrictions post-monetary union to ensure fiscal integrity is maintained.
Conclusions
This paper applies multivariate cointegration analysis to provide empirical evidence on the state of convergence for the five EAC member countries with respect to four variables; the nominal and real exchange rates, the monetary base, as well as the real gdp. The motivation for this investigation is the stated objective of the five-member EAC to fast track the establishment of the proposed monetary union. This is despite the fact that no specific monetary or fiscal policy coordination program is currently in place to promote convergence. However, with the common market negotiations drawing to a successful conclusion, the focus is now beginning to shift to the monetary union stage. To help policy-makers set up a realistic time frame for the monetary union process, one important question that needs to be answered at the start of this phase is the current state of convergence of the EAC countries' policies. Using cointegration techniques we test the existence of long-run relationships that tie together variables in each criterion across the EAC countries. The results we find support a gradual approach caution against a fast-track EAC monetary union process. The empirical results for all the four variables from all the five submodels considered indicate only partial convergence of the EAC policies. These results imply there are some EAC countries that follow policies that are independent of the policies that are followed by other EAC countries. Hence the EAC countries need to make significant adjustments to align their monetary policies for the currency union to be viable. Given the relatively small endogeneity effects suggested by literature (such as Carmignani (2009) and Tapsoba (2009)), prudence would suggest that the EAC countries allow for a period of monetary policy coordination prior to monetary union to promote further convergence and improve the chances of a credible and sustainable monetary union. 
